I. INTRODUCTION
It was the measurement of velocity dispersions in the Coma cluster by Fritz Zwicky in 1933 [1] which led the requirement of nonluminous matter in our universe for the first time. Since then, a wide variety of evidence on nonbaryonic dark matter (DM) has been accumulated, such as the galactic rotation curve [2] and the bullet cluster [3] .
The current relic abundance of cold dark matter (CDM) in our universe has been observed by the WMAP for seven years [4] such that 0.1088 < Ω CDM h 2 < 0.1158, (1σ C.L.) (1) where the scaled Hubble constant h = 0.702
+0.0013
−0.0014 in the units of 100 km/sec/Mpc, combined with distance measurements from type Ia supernovae and baryon acoustic oscillations. This result indicates that about 23.3 % of our universe, or 84.4 % of matter is non-baryonic CDM, which motivates the theories beyond the Standard Model (SM).
Various candidates of CDM explaining the observed relic abundance has been proposed. Among them, the most promising one is Weakly Interacting Massive Particle (WIMP) such as the lightest supersymmetric particle (LSP) in the supersymmetric models with R-parity [5, 6] , the lightest Kaluza-Klein (KK) particle in the extra dimensional models with KK parity [7] , the lightest T-odd particle in the T-parity conserved little Higgs model [8] , and the SM gauge singlet particles in Higgs portal models [9] . WIMPs are produced at the early stage of our universe and their current relic abundance is naturally determined when their interactions to the SM particles freeze out [10] .
In the meantime, direct detection experiments to detect WIMP scattering off target nuclei have been constructed to figure out the physical properties of them. Recently, the Coherent Germanium Neutrino Technology (CoGeNT) experiment reported that about a hundred events [11] exceeding the expected background are observed after their eight week operation, which possibly originated from the nuclear recoil by DM scattering. Due to its enhanced sensitivity to low energy events, the ionization signal which is observed in the CoGeNT detector is as low as 0.4 − 3.2 keVee 1 .
Comparing with the energy threshold of DAMA/LIBRA [12] which is 2 keVee combined with the channeling effect, this energy threshold is tremendous. The discovery region, hence, supports the existence of light DM whose mass is m χ ∼ < 10 GeV and the spin independent WIMP-nucleon elastic scattering cross section σ SI is as high as ∼ 10 −40 cm 2 .
The light WIMP with large cross section is also favored in the recent DAMA/LIBRA annual modulation signal. Considering the channeling effect [13] , the result allows sizable parameter space compatible with other null experiments. There have been several proposals to explain this, such as light SM gauge singlet fermion [14] or scalar DM [15] , the WIMPless model [16] , light neutralinos in the minimal supersymmetric standard model (MSSM) without the assumption of gaugino mass unification at the grand unified theory (GUT) scale [17] , right-handed sneutrino DM in an extended model of MSSM [18] , and the mirror DM model [19] , etc. Therefore, it is very interesting to propose a plausible light WIMP scenario 2 .
In this paper, we analyze a light neutralino DM scenario since supersymmetry (SUSY) is the most promising candidate among the theories beyond the SM. In order to have such a large scattering cross section in a supersymmetric SM, either large value of tan β or a very light CP-even
Higgs boson mediator is needed in the process of elastic scattering of the neutralino off the target nuclei. Such scenarios cannot be easily realized in the context of the MSSM since they are highly constrained by other experiments such as the LEP, Tevatron, and rare decays. Especially, it is not easy to obtain σ SI as high as ∼ 10 −40 cm 2 for the explanation of the CoGeNT result with conventional halo parameters, even though we consider the previous approach to explain the DAMA/LIBRA result such as the reference [17] 3 . Therefore, the "Beyond the MSSM" (BMSSM)
considerations are required in this paper. Without considering additional light degrees of freedom, the light Higgs scenario is natural to be studied first, which we focus on here. (Scenarios with light degrees of freedom are explained in [21] with the NMSSM context and in [14] with the SM gauge singlet Dirac fermion. The latter can be also obtained by slightly changing the NMSSM potential with singlet quadratic terms.) We start from analyzing the parameter space to obtain the large detection cross section σ SI ∼ 10 −40 cm 2 for the light WIMP of 4 GeV ∼ < m χ ∼ < 7 GeV in order to avoid the bounds from the null experiments. Due to the limits by the LEP experiments and Υ decay, the parameter space of light Higgs is constrained to be in the window of 9 to 10 GeV.
It is, then, interesting that the resonance channel in the WIMP annihilation process is naturally considered on the viable parameter domain, which provides the right relic abundance of the light neutralino. Therefore, the light neutralino with mass of 5 to 6 GeV can explain the correct relic abundance. It must be noticed that this research does not concern the details of the theoretical construction but will focus on the compatible parameter space in the supersymmetric model to explain the viable light WIMP consistent with the various experiments.
2 It must be noted that there exists some negative research positing that the channeling fraction of recoiling lattice nuclei in NaI is quite suppressed to provide its meaningful effect [20] . 3 The experimental bounds from the neutral Higgs bosons → τ + τ − and the rare decay B → τ ν are needed to be considered in [17] .
There have been researches to reconcile the CoGeNT report on WIMP signals with other null experiments constraining the detection bound and the previous DAMA result [22, 23] . At first sight, it seems that the CoGeNT signal events are excluded by other experiments mainly due to the CDMS-Si [24] and the recent XENON100 [25] . It is important, however, that the CoGeNT collaboration has not analyzed all the background events such as surface events through the intra contact surface and those by electro-formed cryostat components, etc. It is, hence, possible for the sizable CoGeNT signals to avoid the exclusion limits by considering proper background models, combined with changing the WIMP distribution or detector parameters such as halo profile and scintillation efficiency 4 L eff used in those experiments. After the recent XENON100 collaboration claimed to exclude the CoGeNT and DAMA signal candidate region, a lot of hot discussions have been made [26, 27] . They, however, seem to agree that the L eff below 10 keV nuclear recoil energy has ambiguities so that some CoGeNT region can survive even without consideration of proper background. Considering those arguments, we show the allowed signal region of the CoGeNT and DAMA with proper background models in Fig. 1 . L eff at low energy is assumed to be determined by the constant extrapolation (violet line) from the global fit or logarithm extrapolation (orange line) from the lower contour of L eff in the XENON100 experiment. The constant extrapolation of L eff seems to be a too naive assumption. The papers [27] introduce another measurement of L eff which shows a drastic decrease below 10 keV nuclear recoil energy [28] . The recent CoGeNT result is inside the blue dot dashed line considering the 50 % exponential background contribution, which covers lower mass region 4 GeV ∼ < m χ ∼ < 7 GeV [23] . Meanwhile, the annual modulation signals observed in the DAMA/LIBRA experiment considering the channeling effect are shown inside the green dashed line. In this analysis, the lowest energy bin is neglected so that the signal candidate region is broader than those in [25, 26] . Reconciling the CoGeNT result with the DAMA/LIBRA result is also possible by changing the fraction of channeling effect in DAMA/LIBRA to lower values than expected. Consequently, the light WIMP of mass 4 − 7 GeV with the spin independent elastic cross section σ SI ∼ 10 −40 cm 2 is the plausible candidate to explain the CoGeNT and DAMA/LIBRA result 5 . Therefore, we focus on the reasonable parameter space in the BMSSM.
The paper is organized as follows. We discuss the search for a light neutralino in the context of ordinary MSSM in Sec. II. Experimental constraints on the mass of a light neutralino are covered in Sec. III. A very light Higgs to explain the direct detection, simultaneously considering the LEP bounds is discussed in Sec. IV. The light Higgs scenario in the BMSSM will be discussed with 4 The fraction of the nuclear recoil energy to scintillation energy. Recent result is in Fig.1 of [26] . 5 Additional situation after the submission of the first version of this paper will be explained in our Sec. VII. Fig. 3 of [26] .) The limit by the CDMS-Si (magenta line) was the strongest one for light WIMPs before the the XENON100 eleven day result (with constant extrapolation of L eff ). The constant extrapolation of L eff , however, seems to be a too naive assumption. The papers [27] introduce another measurement of L eff which shows a drastic decrease below 10 keV nuclear recoil energy [28] . The annual modulation signals observed in the DAMA/LIBRA experiment are inside the green dashed line, where the channeling effect is considered and the lowest energy bin is neglected. The recent CoGeNT result is inside the blue dot dashed line considering the 50 % exponential background contribution.
numerical results in Sec. V. We also discuss the stability of the BMSSM scalar potential in Sec.
VI. The relic abundance of the neutralino is computed in Sec. VII. Finally, we conclude in Sec.
VIII.
II. WIMP-NUCLEON SCATTERING IN THE MSSM
The spin independent elastic scattering cross section of the neutralino-nucleon system is given by [5, 6] 
where m r is the reduced mass of the neutralino-nucleon system and f p(n) is the neutralino coupling to a proton (neutron) which is composed of i) neutralino-(light) quark current and ii) neutralinogluon couplings such that, in large squark mass limit [5] ,
where f
= 0.036 ± 0.008 and f (n) Ts = 0.118 ± 0.062 [29] , and
Meanwhile, the neutralino-quark coupling a q which is defined in the effective Lagrangian as a qχ χqq, is obtained by
where the couplings g φχχ and g φqq are given in the following Feynman rules (6) and (7) 6 . Here we neglect squark-mediated contribution since squarks are usually much heavier than Higgs bosons to satisfy collider search bounds. Feynman rules for Higgs couplings to neutralinos are adopted from [5, 30] such that
and
6 The couplings are defined in the Lagrangian such that 1 2 g φχχχ χφ and g φφq.
where N ij is a neutralino mixing matrix in the basis of (B, 
In the MSSM decoupling limit, β − α ≃ π/2 and light Higgs h is mostly up-type and SM-like so that g hqq becomes SM one, i.e., g hqq = m q /( √ 2v), but heavy Higgs H becomes mostly down-type
. Therefore, the scattering cross section for large tan β
where
Y gauge coupling and we omit the N 12 contribution because it is negligible in typical MSSM parameter space [31] . In the regime of very large tan β with m H not much larger than m h , the neutralino-nucleon scattering process is dominated by the heavy CP-even
Higgs mediated contribution so that the elastic scattering cross section becomes approximately
for m χ ∼ 7 GeV where the subdominant down quark and one-loop induced bottom quark contributions are also considered. Therefore, we need very large tan β > 100 for m H = 100 GeV to explain the CoGeNT result. In the regime of such large tan β, however, the branching ratio of B s → µ + µ − severely constrains the parameter set. In addition, combining the upper limit on the neutral Higgs bosons → τ + τ − in the Tevatron and the observations of the rare decays B → τ ν with the ratio of B → Dτ ν/B → Dlν in the B factories, we obtain the constraints on the elastic scattering σ SI 5 × 10 −42 cm 2 , which is much lower than 10 −40 cm 2 to explain the CoGeNT result [32, 33] . In the heavy H scenario, it is hence impossible to construct viable models which support the light WIMP of mass 4− 7 GeV with the spin independent elastic cross section σ SI ∼ 10 −40 cm 2 .
In order to reduce low energy constraints, we need to invoke "wrong-Higgs" interactions [34] .
III. EXPERIMENTAL CONSTRAINTS ON THE MASS OF LIGHT NEUTRALINO
The experimental constraints on the mass of a light neutralino are analyzed in [35] and the references therein. In this section, we briefly review the experimental constraints which are relevant to our case. The most stringent constraints are produced by the LEP experiments. The assumption of the gaugino mass unification at the GUT scale induces the relation of the U (1) Y gaugino mass parameter M 1 and the SU (2) gaugino mass parameter M 2 at the electroweak scale such that
Therefore, the bound of lightest neutralino mass can be obtained from the direct search on the chargino mass bound, mχ± 1 > 94 GeV, which directly constrains M 2 and the Higgsino mass parameter µ and gaugino mass unification condition relates this bound to the light neutralino,
However, the above neutralino mass bound can be evaded if we are free from the assumption of gaugino mass unification at the GUT scale. Thus other experimental constraints must be considered to obtain the direct mass limit of light neutralino in the MSSM. The invisible Z decay width is described by [33] ,
where M Z is the Z boson mass and θ W is the weak mixing angle. The 2σ experimental constraint, Γ inv < 3 MeV implies that |N 2 13 − N 2 14 | ∼ < 0.13. As will be seen in the following sections, the parameter region of our light neutralino is obtained for N 13 ∼ 0.3 and N 14 ∼ 0, with µ = 200
GeV and M 2 = 400 GeV so that the mass of our light neutralino has no constraint from the Z boson invisible decay width. As the other important consideration, the conservative bound for the lightest -second lightest neutralino pair production at the LEP2 is given by [35] σ(e + e − →χ 0 1χ 0
where Br(χ 0 2 →χ 0 1 Z) = 1 is conservatively assumed. This bound can be also evaded if the mass of scalar electron is larger than 500 GeV for small µ [35] since scalar electron mediated neutralino production processes are suppressed by heavy scalar electron mass. Feynman diagrams for this process are shown in Fig. 2 . For large µ 200 GeV, i.e. m χ 1 + m χ 2 > 208 GeV, this process is kinematically disallowed so that the mass of scalar electron for neutralino production is not bounded at all. In addition to these constraints, the rare meson decays can also constrain the very light neutralino, however, these are again irrelevant since the branching ratios are much lower than the experimental bounds [35] . Consequently, the mass of our light neutralino to explain the CoGeNT and DAMA/LIBRA results is not constrained by the collider bounds, precision observables, and rare meson decays.
IV. LIGHT HIGGS SCENARIO AND EXPERIMENTAL CONSTRAINTS
Instead of the heavy CP-even Higgs mediation scenario for very large tan β, we consider here the case that the light CP-even Higgs mediated contribution dominates the elastic scattering with moderate tan β ≃ 3. Observing the eq. (13), light Higgs mediation can be more important than that of heavy Higgs if m h ≪ m H . In such a case, light Higgs mass m h is very small to have large cross section for neutralino-nucleon elastic scattering so that constraints from LEP experiments and rare decays of mesons must be considered.
If 10 GeV ∼ < m h ∼ < 20 GeV, two kinds of Higgs search at the LEP experiments must be under consideration. One is the Higgsstrahlung process, e + e − → Z * → hZ, and the other is the associative production, e + e − → Z * → hA. For convenience, we define the following quantities In the case that sin 2 (α−β) < 0.01, we can evade the constraint from the Higgsstrahlung process.
However, avoiding the associative production constraint is not trivial since cos(α − β) ≃ 1. The light neutralino with m χ ∼ < m h /2 can be a solution in this case. Since the light Higgs can decay to the neutralinos, the branching ratio of Higgs decay to neutralinos is comparable to or larger than that of Higgs decay to b-quark pair for low tan β 3 [37] . Consequently, we have a reliable parameter space by constraining m h 2m χ when 10 GeV ∼ < m h ∼ < 20 GeV. It is, however, not the end of the story and this region will be discussed again after our eq. (26) .
If m h < 10 GeV, light Higgs cannot decay to b-quark pair but can decay to τ -leptons. In this case, the constraint from the associative production is practically not relevant because Higgs constraints from 2b2τ final state is much weaker than those from 4b final state [36] . On the other hand, the constraint from radiative Υ decay, Υ → hγ is on the rise as well as Higgsstrahlung constraint sin(α − β) ≈ 0. Very light scalar particles can contribute the radiative decay of Υ-meson [38] . Including QCD correction [39] [40] [41] , the radiative decay of the Υ to the light Higgs is given by
where m b is the b-quark mass, G F is the Fermi constant, α em is the fine structure constant, α s is strong coupling, C F = 4/3, m Υ is the Υ-meson mass, z = 1 − m 2 h /m 2 Υ and a H (z) is a QCD correction function which is defined in [39] [40] [41] . Using the fact that B(Υ → e + e − ) ≃ 0.025, α ≃ β and a H (z) → (4/3)πz −1/2 + 1 as z → 0, we obtain
Taking the strongest bound, B(Υ → hγ) < 10 −5 [42, 43] , we obtain a conservative Higgs mass bound as 
Hence, we obtain m h ∼ > 8.9 GeV for tan β = 3 to evade the radiative Υ decay constraints.
Under such considerations, a neutralino-nucleon scattering cross section is obtained in the case of sin 2 (α − β) < 0.01, i.e., α ≃ β, from the eqs. (6) and (10) 
for tan β ∼ O(1), as we have expected.
Such a light Higgs scenario explained so far is not easily obtained in ordinary MSSM parameter space. Instead, we consider BMSSM [44] [45] [46] where light Higgs scenarios can be realized [46] . The
SU (2) doublet CP-even Higgs mass matrix in the basis of (H
where M Z is the mass of the Z boson, m A is the mass of the CP-odd Higgs, s β (c β ) is sin β(cos β), and ǫ 1,2 are BMSSM parameters defined by [44] . Here, ǫ 1,2 are assumed to be real for simplicity.
The physical CP-even Higgs bosons are obtained as the mass eigenstates of the above mass matrix,
where m h < m H and −π/2 ≤ α ≤ π/2 in contrast to the MSSM case. In the ordinary MSSM case where ǫ 1,2 = 0 and tan β ∼ < 5, the mass of the CP-odd Higgs m A cannot be larger than M Z since h must be light enough to obtain the large WIMP direct detection cross section such as (24) . If m A ≪ M Z , light Higgs h is mostly down-type and α ≃ π/2 so that the constraint from the Higgsstrahlung process Z * → hZ can be evaded. But the associative production e + e − → hA still constrains such a case. As previously discussed, it seems possible to avoid this constraint if Z + m 2 A )s β c β , we achieve α ∼ < π/2 so that the condition sin 2 (β−α) < 0.01 is satisfied. Therefore, it seems plausible to obtain a light CP-even Higgs scenario in the context of BMSSM. However, there is a drawback in this scenario. Negative ǫ 2 can make the Higgs potential unstable along the D-flat direction since the quartic term of Higgs potential becomes negative. In such situation, the electroweak vacuum can become metastable rather than absolute minimum [47] . We will discuss this issue in Sec. VI.
V. NUMERICAL RESULTS IN BMSSM PARAMETER SPACE
In the BMSSM, the ǫ 1 correction is also included in the neutralino sector [44, 48] . The coupling g φχχ is modified by the ǫ 1 term such that [48] 
where µ is the Higgsino mass parameter in the MSSM superpotential. In our circumstance, the BMSSM corrections for neutralino-Higgs interaction cancel the MSSM interactions in parameter space since α > 0 and ǫ 1 > 0 in eqs. (6), (8), (27) and (28) . However, since the BMSSM corrections are much smaller than the MSSM ones, these do not spoil the aforementioned advantages.
Numerical results are given in Fig. 3 . In the case of m h > 10 GeV, however, this parameter space is not allowed due to the large value of R hA ∼ 0.3 > 0.2. We, hence, need a lower value of tan β since the branching ratio of h to χχ becomes larger for smaller tan β. Comparing Fig. 3(a) and Fig. 3(b) , however, larger values of |ǫ 1,2 | are needed to obtain the light Higgs spectrum for smaller tan β. Then, we need much fine
tuning to obtain such light Higgs so that it is more natural to consider only the case m h < 10 GeV.
In this range of mass, the LEP constraint from the associative production is avoided. Here, we must tune the light Higgs mass more or less in order to satisfy the conservative bound of radiative Υ decay such as eq. (23). For the larger tan β case, we also have desired the neutralino-nucleon cross section satisfying all experimental constraints for sin 2 (α − β) < 0.01 and 9 GeV ∼ < m h ∼ < 10
GeV. Consequently, the light Higgs scenario to explain the light neutralino of 4 GeV ∼ < m χ ∼ < 7
GeV and σ SI ∼ 10 −40 cm 2 is most naturally realized when sin 2 (α− β) < 0.01 and 9 GeV ∼ < m h ∼ < 10
GeV.
VI. STABILITY OF THE BMSSM SCALAR POTENTIAL
The analysis of the light BMSSM neutralino so far is based on the assumption that we have already chosen the stable vacuum of the scalar potential. This issue is, however, nontrivial since the stability of the scalar potential highly depends on the coefficients of the leading nonrenormalizable operators [47, 49] . Therefore it is required to discuss whether our light neutralino with light Higgs can be realized simultaneously respecting the stability of the potential.
According to the criterion of [47] , ǫ 2 ± ǫ 1 /4 > 0 in order to have positive quartic term along the D-flat directions. However, we prefer large negative ǫ 2 , as we have seen in the previous section, to make the CP-even Higgs light so that the electroweak vacuum becomes meta stable. In order to cure such a drawback, we can consider a more general Higgs scalar potential [46] ,
The ǫ 3 and ǫ 4 terms can be considered effective dimension six operators of MSSM so that we can easily introduce such interactions [50] . Further, such dimension six operators can have sizeable effects according to the parameter space [50] . In this work, we do not study microscopic models which can make such effective operators. Instead we just parametrize such terms and analyze the parameter space that can make CP-even Higgs as light as 10 GeV. The ǫ 3 term has the same effect as a top-stop loop contribution to MSSM Higgs mass, so we neglect it.
The effective Higgs potential along the MSSM D-flat directions at tree level is given as
ignoring ǫ 3 , where
If the quartic coupling of the above equation is positive, there is no additional vacuum away from the electroweak scale. Therefore the most conservative bound is given as
Including the ǫ 4 correction, the Higgs mass matrix becomes
To obtain the similar mass spectrum as the previous parameter space expected in the previous section, we obtain two large values of ǫ 2,4 to satisfy eq.(31), which do not seem to be under control in the BMSSM. If we take the larger value of tan β, then such corrections can be lowered. As an example, we analyzed the case for tan β = 10 in Fig. 4 . Since the mass of our light Higgs is around or smaller than 10 GeV, the branching ratio of h → χχ does not need to be dominant so that tan β can be higher than 3. The value of tan β > 10 may enhance the cross section σ SI too much but tan β ∼ 10 is a proper value to obtain the σ SI ∼ 10 −40 cm 2 once we lower the value of N 13 . 
VII. RELIC ABUNDANCE
In this section, we compute the right relic abundance of the neutralino. Since the neutralino is very light, m χ ∼ < 7 GeV, they annihilate only to light fermions at the freeze-out. In addition, the neutralino is much lighter than the CP-odd Higgs A, squarks, and Z-boson so that the dominant annihilation process is mediated by the CP-even Higgs h which is a P-wave process. Furthermore, small tan β ∼ 3 constrains the interaction of h to the SM fermions. Therefore, one might worry that the neutralino will overclose the universe. There is one way out, however. Since the mass of the light CP-even Higgs is highly constrained, 9 GeV ∼ < m h ∼ < 10 GeV, the resonant annihilation of the light WIMPs to the SM fermions through the s-channel process can dominate the annihilation process and reduce the relic abundance at the freeze-out although the process is P-wave suppressed.
In our case, the thermal average of WIMP annihilation cross section at the freeze-out is not obtained by the nonrelativistic approximation called standard calculation in [5, 10] . Considering the resonant annihilation of WIMPs through the s-channel process, the thermal average of σv is affected by the values of v not close to the average value. Therefore, the following full calculation is needed as described in [51] .
m Pl = 1.22 × 10 19 GeV is the Planck mass, and g * = 62.625 is the effective number of relativistic degrees of freedom at the freeze-out temperature T f ∼ 0.3 GeV. The inverse freeze-out temperature x f = m χ /T f is determined by the iterative equation
where the assumption that x f ∼ 20 obtains
where we use the series expansion at x f = 20 in the second line. Hence, we approximately obtain x f ≈ 19.6 + log σv 10 −9 GeV −2 + log
The annihilation cross section of the neutralinos to b-quark pairs dominantly determines the present relic abundance within 10 % accuracy. The rest of the contributions are from the annihilations to the lighter fermions such as τ -lepton and c-quark pairs. Therefore, we obtain the cross section such that
where the center of mass energy √ s = 2m χ / 1 − v 2 /4 and Γ h is the total decay width of the CP-even Higgs h such that
where the contributions from lighter fermion final states are ignored.
We show the role of resonant annihilation to obtain the observed relic density of (1) < m h ∼ < 10 GeV. The magenta, blue, green lines denote the case m h = 9 GeV, 9.5 GeV, 10 GeV respectively. The parameters are given to avoid the LEP or Υ decay constraints. The red region denotes the observed relic abundance satisfying (1) . Therefore, we conclude that the physically consistent mass of our light WIMP is determined as 5 GeV ∼ < m χ ∼ < 6 GeV here.
tan β = 3, N 13 = 0.3 values. The allowed mass of the light CP-even Higgs is 9 GeV ∼ < m h ∼ < 10 GeV.
The magenta, blue, green lines denote the case m h = 9 GeV, 9.5 GeV, 10 GeV, respectively. The parameters are given to avoid the LEP or Υ decay constraints. The red region denotes the observed relic abundance satisfying (1). It is clear that the expected relic abundance decreases around the resonance region so that the mass of the light neutralino is determined within 5 GeV ∼ < m χ ∼ < 6
GeV. The physically consistent range of m χ is similar for other possible parameter choice since the right relic abundance will be obtained within the the resonant annihilation process.
The QCD phase transition occurs around T ∼ < 0.3 GeV∼ T f in our favorite parameter region, which might be a dangerous threat to our calculation of (37) since we have to consider the hadronization of quarks. Fortunately, the recent result in lattice QCD method [52] informs us that the critical temperature of QCD phase transition is as low as 0.15 GeV when we consider the number of flavor is three. Now, it is fair to explain the situations after the first version of this paper was submitted to the e-print arXiv. It is claimed that the scintillation efficiency L eff in the XENON detectors are not so much suppressed above 3.4 keV nuclear recoil energy so that even XENON10 can provide the strong exclusion bound to the WIMP heavier than 6 GeV [53] . In addition, there is another interesting approach avoiding the discussions on the L eff by focussing on the S2 only signal in XENON10 [54] .
There are two PMTs in XENON experiments, called S1 and S2. The S1 measures the scintillation inside the detector, while the S2 measures the ionization signal by which the discrimination of the background signals is well performed. Since the L eff is only related to the scintillation, the S2 only analysis is a very fancy idea to probe the "exclusion" bound of the light WIMPs in contrast to the discovery region. None of the proposals, however, rules out the WIMP scattering signals whose mass is 5 − 6 GeV and the elastic scattering cross section of 10 −40 cm 2 , which can be expected by considering proper background contaminations in the CoGeNT results. In this sense, our neutralino of mass 5 to 6 GeV is quite promising in the search for viable light WIMPs.
VIII. CONCLUSIONS
The light WIMPs with large cross section are focused on due to the recent results of direct detection experiments such as CoGeNT and DAMA. Since SUSY is one of the most promising candidates of the theory beyond the SM, light neutralino should be carefully studied. In this sense, we have shown that such a light neutralino can be obtained from the light CP-even Higgs scenario.
In the context of the MSSM, however, the existence of such a light Higgs is highly constrained by the LEP experiments. Instead, we looked for a possibility of explaining σ SI ∼ 10 −40 cm 2 , m χ ∼ 4 to 7 GeV dark matter within the framework of the BMSSM (MSSM field contents at and below the weak scale) and found that m h ∼ 9 to 10 GeV can provide the required σ SI . If we require the model to explain the right relic abundance, m χ is predicted to be in between 5 to 6 GeV depending on the light CP even Higgs mass from 9 to 10 GeV.
Combined with the improvement of the detector parameters such as L eff at low energy, more data in the current or future direct detection experiments will eventually reveal whether the light dark matter scenario inspired by CoGeNT and DAMA/LIBRA is realized in nature or not. We pointed out that it is possible to come up with a model in supersymmetric theories without introducing an additional light degree of freedom in addition to the MSSM at and below the weak scale.
